Paroxysmal nocturnal hemoglobinuria (PNH) is a systemic, acquired clonal hematological disorder which results from loss of complement-inhibiting proteins (CD55 and CD 59) from the blood cell surface. Therefore, such patients develop chronic complement-mediated intravascular hemolysis, with thromboses manifesting as most severe clinical complications. Recommendations of International PNH groups discern certain risk groups based on detection of a pathological cell clone, including patients with myelodysplastic syndrome (MDS). Here we describe detection of a clinically sound PNH clone in an elderly patient with MDS, as well as positive results of patho-genetic treatment with Eculizumab.
Introduction
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare acquired chronic disease of hematopoietic stem cells (HSC) characterized by chronic intravascular hemolysis, bone marrow failure and increased risk of thrombotic complications. PNH occurs due to a non-malignant clonal expansion of mutated HSCs with an acquired somatic X-linked mutation in the phosphatidylinositol glycan A gene (PIG-A) [2, 22] . This mutation causes altered glycosylphosphatidylinositol (GPI anchor) binding to some surface proteins, e.g., CD55 and CD 59 complement-inhibitors. Loss of these regulatory proteins predisposes for non-controlled complement activation resulting to intravascular destruction of red blood cells (RBC), thus manifesting as chronic hemolysis and progressing anemia [12, 22] . However, sole PIG-A mutation is not sufficient for expansion of a PNH clone and clinical symptoms. Precise mechanisms of the clonal expansion are not yet known, probably, being coupled to bone marrow failure [12, 21] . Such physiological mechanism is confirmed by higher incidence of PNH clone in patients with aplastic anemia (AA) and myelodysplastic syndrome (MDS) [11, 18, 27, 26, 29, 30] . Table 1 shows results of international clinical studies for PNH clone assessment in the patients with different MDS subtypes. As seen from a series of studies ( Table 1) , incidence of PNH clone in MDS patients varies from 5.5% to 24% cases (a mean of 13%). PNH manifestations are highly different, and the disease may develop at any age (a median of 30-40 years old) [8, 22] . Life-threatening complications occur, as a rule, due to uncontrollable complement-mediated hemolysis and consequent blood platelet activation [3, 10, 19] . Most common clinical symptoms include anemia (88%) [3] , thrombosis (35%) [9] , chronic kidney disease (64%) [10] , abdominal pains (57%), lung hypertension (47%), dyspnoe (66%), dysphagia (41%), significant fatigue (96%), erectile dysfunction (47%), bone marrow failure (45%) [19, 24] . Hemoglobinuria is the most remarkable PNH symptom. It develops in nearly all patients during the disease, being, however, initially observed only in 26% of the cases [22, 24] . Thromboses represent the main reason of mortality (40 to 67% of lethal outcomes) followed by chronic kidney injury (8 to 18% of total), infections (17%), and bleedings (8%) [15, 23] .
PNH symptoms exert significant negative effects upon quality of life due to anemia, transfusion dependence, abdominal and chest pain, sufficient fatique, dyspnoe which often need hospitalization and symptomatic drug medication.
PNH diagnostics may be quite difficult, due to variability of symptoms and rarity of the disorder. However, the time of diagnostics may be more rapid when using diagnostic algorithm and screening of high-risk patients [8] . National Clinical Guidelines on PNH diagnostics and treatment specify several patient groups with different clinical traits are discerned for appropriate PNH screening [16] , i.e., Coombs-negative intravascular hemolysis; hemolytic anemia associated with hemoglobinuria, iron deficiency, cytopenia and thromboses; some bone marrow failure patterns (suggested or proven aplastic anemia; myelodysplastic syndrome (refractory cytopenia with 1-,2-or 3-lineage dyspla-sia, hypoplastic MDS variant), other cytopenias with unknown etiology after detailed examination; thromboses with atypical manifestations (uncommon localization, associated hemolytic anemia and cytopenias). As suggested in the Recommendations, optimal frequency of clinical examination and PNH screening should be performed initially in cases of aplastic anemia (AA) and MDS, and then twice a year in case of initial PNH clone detection. Presence of a PNH clone in MDS patients may be of high predictive value, with respect to its future treatment strategy.
Clinical Practice Guidelines in Oncology by National Comprehensive Cancer Network (NCCN-2010) recommend screening for PNH clone and HLA-DR15 if considering MDS. These markers seem to be best predictors of response to immunosuppressive therapy, especially, for younger patients (≤60 years old) with normal cytogenetics and hypoplastic MDS variant [20] .
So far, only symptomatic therapy was used for PNH therapy, i.e., iron supplement, folates, steroids, blood transfusions, anticoagulants in thrombotic episodes. Generally, the median survival for hemolytic PNH patients comprises 10 to 15 years from initial diagnosis. Thirty-five percent of these patients are lost within 5 years [8] .
Hematopoietic stem cell transplantation (HSCT) is an approach which may be potentially curative in PNH. However, HSCT is known to produce high complication rates, mortality, and is performed only for certain indications in cases of hematopoietic aplasia [4, 13] .
Since 2007, Eculizumab, a drug for PNH target therapy, was registered for clinical use. Eculizumab is a humanized monoclonal antibody which is able to specifically bind the С5 component of complement system, thus blocking excessive complement activation and C5-mediated hemolysis, the main affecting factor in PNH. International clinical trials and subsequent studies have shown that Eculizumab sufficiently decreased incidence of life-threatening complications (i.e., thromboses), and significantly improved survival of the PNH patients. [7, 14] . In view of distinct blood changes, we looked for PNH clonal markers. Flow cytometry provided the following pattern: type I (normal) RBCs, 59.05%; type II (partial СD59 deficiency), 1.47%; type III (complete lack of СD59 ), 39.48%; monocytes with FLAER/СD14 deficiency -92.02%; granulocytes with FLAER/СD14 mangle -94.73%. Hence, a PNH clone was detectable among RBCs, monocytes and granulocytes in blood sample. Appropriate treatment consisted of RBC transfusions (6 standard doses), bisoprolol (5 mg), isosorbide dinitrate (20 mg twice a day) followed by improvement of physical condition. Hb increased to 90 g/L, blood bilirubin and LDH levels remained high (resp., 28 μmol /L, and 2124 U/L). The patient was discharged from the clinic. In June 2016, he was urgently admitted to the M. Zhadkevich Municipal Clinical Hospital due to worsened clinical condition, recurrent skin icterus, dark urine, fever. His initial blood sampling was impossible due to intravascular hemolysis. Urine samples were brown-colored, with abundant yellow-brownish debris seen upon microscopy. Washed RBCs were transfused at this phase. At day +2 after admission, total blood analysis showed low Hb levels (62 g/L), decreased platelet counts (62х10 9 /L). Routine blood chemistry showed LDH activity of 7132 U/L (reference, 125 to 245 U/L), total bilirubin, 100 µMol/L (direct bilirubin, 20 μmol/L); ASAТ, 290 U/L; С-reactive protein, 150 g/L. X-ray chest examination showed pneumonia in the left lower lobe. Further transfusion therapy included 3 doses of washed RBCs, and antibacterial treatment with Amoxicilline clavulanate, and Azithromycin. Relative stabilization of clinical state was observed. However, the course of disease was complicated by significant thrombocytopenia (to 18-20х10 9 /L), profuse nasal bleeding, instability of respiratory and cardiovascular systems, thus re-quiring therapeutic nitrates, bisoprolol, continued antibacterial and detoxication therapy.
In view of pronounced intravascular hemolysis and generally severe condition of the patient, we then started pathogenetic treatment by Eculizumab at a dose of 600 mg at a 7-day interval. Simultaneous vaccination for meningococcal infection was performed at this time. As an outcome, the pulmonary inflammation was resolved, urinary parameters were normalized, with anemia improved to some degree (Hb level increased to 87 g/L).
Seven days after 2
nd eculizumab infusion, the patient was hospitalized to the Department of Hematology of Clinical Research Center at the Moscow Health Department, to specify further therapy. Upon admission, the patient was in satisfactory condition. Skin was of normal colour, eye sclerae were subicteric, hemorrhagic syndrome was not detectable. Hemodynamics remained stable, liver, spleen were of normal size. Blood analysis showed further increased Hb level (95 g/L), erythrocytes (3.0х10 
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As seen from Fig. 1 , the Hb levels did gradually increase to reference values, i.e., 120-125 g/L, leukocytes, to 4.1-5.87х10 9 . Thrombocytopenia also became clinically insignificant (53-60 х10 9 ).
LDH activity is shown to be increased in disorders accompanied by tissue damage and cell destruction. Therefore, this parameter is an important marker of tissue decay, chronical hemolysis. Fig. 2 shows changes in LDH activity during Eculizumab therapy.
Figure 2. LDH changes with time after Eculizumab treatment.
As seen from Fig. 2 , PNH progression was noted by increased LDH levels from April 2014 to February 2016. Positive dynamics of the disease was then seen as proven by decreased LDH levels and Hb normalization (Fig. 1) , when continuing treatment. The patient reported improved physical condition, he has resumed usual physical loads. Eculizumab treatment is continued at a dose of 900 mg once every 2 weeks.
Discussion
Historically, the PNH patients received symptomatic treatment, e.g., transfusion of washed RBCs, anticoagulant drugs, iron supplement and folic acid, glucocorticosteroids etc. HSCT was introduced is a method of choice for PNH therapy. Despite wide use of anticoagulants in PNH for thrombosis prophylaxis, appropriate risk in the patients remain high, thus enhancing bleeding risks as well [14] . Advent of Eculizumab, a monoclonal antibody which inhibits complement activity, has sufficiently improved results of PNH treatment due to effective control of complement-mediated hemolysis causing thromboses, and improving total survival of the patients [5, 17] .
HCT remains the only curative method for PNH. According to large retrospective study which involved 211 PNH patients treated with BMT, total 5-year survival in this cohort was 68%, whereas graft failure was observed in 6% of the cases. Acute or chronic GvHD was evident in one-third of the patients [4, 5] . Meanwhile, Loschi M. et al reported total 6-year survival of 92% among the patients treated by Eculizumab [17] . Hence, HSCT provides a chance for radical PNH treatment. However, lethality and potential complications of the procedure are poorly predictable, and HSCT, therefore, cannot be recommended as a first-line strategy in the patients with classic PNH [6] .
In some cases, HSCT is considered an option of MDS treatment as first-line strategy. According to National Clinical Guidelines for Diagnostics and Treatment of Adult MDS, HSCT is indicated for the patients from the Group 1-2 intermediate and high-risk IPSS scores. Cumulative mortality after allo-HSCT from HLA-identical siblings in 387 patients with MDS proved to be 37% within 3 years, whereas relapse rates were 23% during this time period, with overall 3-year survival of 40%, according to IBMTR data. The disease stage and number of blasts are more significant to the HSCT outcomes. However, upper age limits for HSCT do not exceed 65-70 years [26] .
Our clinical case demonstrates clinical remission in an elderly PNH patient with myelodysplastic syndrome and high comorbidity burden. This case also shows importance of immune phenotyping for PNH clone detection in either patient with myelodysplastic syndrome. The patient had several indications for PNH clone testing, including cytopenia due to suggested MDS syndrome, intravascular hemolysis traits, and arterial thrombosis.
It is known that poorly documented MDS may be confused with unrecognized classical PNH, since in many instances it may be interpreted as isolated cytopenia, with non-detected active intravascular hemolysis. In this view, our clinical observation contains sufficient criteria for MDS diagnostics, i.e., erythroid hyperplasia and dysplasia typical to PNH, along with distinct cytological features of granulocytic and megakaryocytic dysplasia, like as clonal cytogenetic aberration (Y chromosome loss). Certainly, therapeutic choice in such cases cannot be based on the MDS treatment standards only. One should consider rates of intravascular hemolysis and, therefore, arrange target treatment with Eculizumab, according to current clinical indications. In this case, intensive intravascular hemolysis was followed by RBC transfusions, being then complicated by myocardial infarction, thus being indicative for appropriate target therapy, according to current recommendations. Marked positive response to Eculizumab treatment confirms a leading pathogenetic role of Start of Eculizumab treatment hemolysis rather than of bone marrow failure, for the profound anemia observed in this case. Further accumulation of blood immunophenotyping results, cytogenetic and cytological data will specify the PNH clone frequency and its pathogenetic role in MDS.
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Редкий случай пароксизмальной ночной гемоглобинурии у пациента старше 70 лет с миелодиспластическим синдромом Резюме Пароксизмальная ночная гемоглобинурия (ПНГ) является генетически обусловленным, приобретен-ным, клональным гематологическим заболеванием, при котором клетки крови утрачивают способность фиксировать на поверхности белки-ингибиторы системы комплемента -CD55 и CD59. Вследствие этого у больных развивается комплемент-опосре-дованный хронический внутрисосудистый гемолиз, наиболее тяжелым осложнением которого являются тромбозы. В рекомендациях международных групп по изучению ПНГ определены группы риска для выявления патологического клона, в число которых входят пациенты с миелодиспластическим синдро-мом (МДС). Приведено описание выявления клини-чески значимого ПНГ-клона у пожилого пациента с миелопластическим синдромом и позитивные ре-зультаты применения патогенетического лечения экулизумабом.
